The Social Inequality in Cancer (SIC) cohort study was established to determine pathways through which socioeconomic position affects morbidity and mortality, in particular common subtypes of cancer. Data from seven well-established cohort studies from Denmark were pooled. Combining these cohorts provided a unique opportunity to generate a large study population with long follow-up and sufficient statistical power to develop and apply new methods for quantification of the two basic mechanisms underlying social inequalities in cancer-mediation and interaction. The SIC cohort included 83 006 participants aged 20-98 years at baseline. A wide range of behavioural and biological risk factors such as smoking, physical inactivity, alcohol intake, hormone replacement therapy, body mass index, blood pressure and serum cholesterol were assessed by selfadministered questionnaires, physical examinations and blood samples. All participants were followed up in nationwide demographic and healthcare registries. For those interested in collaboration, further details can be obtained by contacting the Steering Committee at the Department of Public Health, University of Copenhagen, at inan@sund.ku.dk.
Why was the cohort set up?
Cancer is the leading cause of death in Denmark (30% of all deaths in 2011) and seems to contribute to the pattern of social inequalities in health in Denmark. 1 Exactly how the social gradient is related to different types of cancer is not fully elucidated and different cancer sites show markedly different social gradients. [2] [3] [4] Lung, stomach and rectal cancer are typically more common in lower socioeconomic groups, 3, [5] [6] [7] [8] whereas breast and colon cancer have the opposite social gradient. 9 The social direction of breast cancer seems, however, to be in transition. 10 The pathways through which socioeconomic position affects morbidity and mortality of different cancers are not fully understood. It is well known that health related risk factors such as smoking and obesity tend to cluster in lower socioeconomic groups. [11] [12] [13] [14] These differential exposures to risk factors across socioecomonic groups have been shown to contribute to social inequality in health. 1 Consequently, people in lower socioeconomic groups are expected to be exposed to a number of risk factors acting as intermediate variables of the association between, for example, socioeconomic position and cancer. A further possibility might be that the risk factors interact with each other and socioeconomic position, and probably do so differently for different types of cancer. 15 How to quantify such mechanisms is currently at the cutting edge of investigation in epidemiology and biostatistics. [16] [17] [18] The Social Inequality in Cancer (SIC) cohort study was established by pooling prospective data from several wellestablished cohort studies. This cohort consortium provided a large study population with a wide age distribution and long follow-up time, generating sufficient statistical power to investigate mechanisms in social inequalities even in less common outcomes, to perform subset analyses in different sex and age strata as well as providing the power to study questions of mediation and interaction. The specific research topics for the pooled SIC cohort were:
• Identify mediators of the relationship between socioeconomic position and cancer • Develop methods for quantifying direct and indirect effects in survival analyses • Improve methods for mediation analysis when two mediators interact • Develop methods to measure interaction between causes understood as departure from additivity of absolute effects.
Increased knowledge about the mechanisms and improved ability to quantify the pathways might help us to develop new strategies and priorities to reduce social inequalities in cancer. Even though cancer was the initial focus of the SIC cohort, it has been used to estimate mechanisms generating inequalities in other common outcomes such as cardiovascular diseases and cause-specific mortality. A steering committee of primary investigators from the seven cohorts, biostatisticians and epidemiologists from the University of Copenhagen was established to assist with the activities of the SIC cohort.
Who is in the cohort?
To establish a large study population with a wide age distribution and long follow-up, the SIC cohort was
Key Messages
This Social Inequality in Cancer cohort study combines prospective data from several existing cohorts. It is important for the following reasons.
• It generates a large population sample of men and women with a wide age distribution, long follow-up and sufficient statistical power to develop new straightforward and intuitive methods that quantify two basic mechanisms underlying social inequalities in cancer: mediation and interaction.
• Applying the new methods for analysis of mediation and interaction can provide estimations of the absolute numbers of cancer cases potentially preventable when modifying specific health related risk factors. Evaluation of such absolute effects is important to guide public health interventions and policy making to tackle social inequalities in cancer.
• Markedly higher cancer mortality rates have been found in men and women with low educational attainment compared with high educational attainment. The results indicated that a considerable part of the educational difference in cancer mortality was explained by the fact that there was a higher smoking prevalence among the low-educated (differential exposure). Additionally, the results suggested that the consequences of being a smoker were worse among the low-educated than among the high-educated, possibly due to differential vulnerability.
• Among postmenopausal women, higher excess breast cancer cases have been observed in those with high educational attainment compared with low educational attainment. This difference was primarily mediated through alcohol consumption, parity, age at first child's birth and hormone therapy use.
established by pooling data from already existing cohorts. The inclusion criteria for enrolment in the SIC cohort were: a population-based study from Denmark with data on behavioural and biological risk factors for sub-types of cancer and other common outcomes (i.e. cardiovascular diseases); and a baseline examination after 1980, since socioeconomic information drawn from the central registries was only available after January 1980. The following seven cohort studies met these criteria:
The longitudinal population-based study named the Copenhagen City Heart Study (CCHS) 19 In all these seven studies, participants were randomly selected using the Danish Central Population Registry, within age groups and areas of Copenhagen and Aarhus. Mean participation rate was 63% (36-79%). Detailed descriptions of the studies have been published previously. 19, 21, [24] [25] Although the Diet, Cancer and Health study alone contributes 70% of the participants enrolled in the SIC cohort, the cohort consortium adds not only 30 000 participants, but also a much wider age and social distribution and longer follow-up (e.g. 350 000 person-years at risk of allcause mortality). In total the SIC cohort included 83 006 participants (52% women) between 20 and 93 years of age, with baseline examination from 1981 through 2001. Figure 1 presents the original number of participants and year of baseline-and re-examination for each of the seven cohort studies.
How often have they been followed up?
The Central Population Registry provides every citizen in Denmark with a unique 10-digit number for personal identification. This unique personal identification number is the key to participants in the SIC cohort and linkage of data from a large number of nationwide registries. All the participants included in the SIC cohort have been followed by linkage to at present five registries ( Figure 2 ): (i) the Central Population Registry which contains information on date of birth, vital status, citizenship, and address; (ii) the Danish National Registry of Patients with information about procedures received at hospital and discharge Apart from the MONICA II and III studies, all cohorts have been followed up by at least one re-examination ( Figure 1) . Data from the re-examinations have not yet been harmonized and linked to the SIC cohort. However, it is planned to initiate this longitudinal design in near future.
What has been measured?
For all participants in the SIC cohort, information about behavioural and biological factors such as smoking, physical activity, alcohol intake, hormone therapy, parity, height, weight, blood pressure and serum cholesterol have been collected by self-administered questionnaires, physical examinations and blood samples. The harmonization of behavioural and biological measures was established through a series of consensus meetings bringing together researchers from the steering committee with expertise in using data from the included cohort studies. The retrospective harmonization of the already collected data was based upon flexible procedures, 26 which involved several steps. First, a selected list of core variables was generated to provide the basis for the harmonization. Second, agreed selection criteria were defined and used to select broad domains of variables and subsequently more specific variables. These criteria included: (i) the selected variable must be either a behavioural or biological factor related to the risk of at least one of the four selected sub-types of cancer (breast, lung, colon and rectum cancer) or cardiovascular diseases; (ii) although the phrasing of questions may differ in the various cohorts, sufficient consistency in the synthesized dataset must be maintained; and(iii) iterative rounds of discussion and generation of formal pairing rules to create each variable contributed to gradual refinement of the harmonized variables in the SIC cohort. A detailed list of the harmonized measures and information on whether these have been collected across cohorts are presented in Table 1 . As presented in Table 2 , the distribution of the harmonized measures (e.g. smokers, high alcohol intake, obesity and sedentary leisure time) do vary across the time period of data collection in the different cohorts. For example, the smoking rates among men varied from 63% in CCHS (baseline year 1981-83) to 36% in the INTER99 (1999-2001).
What has been found? Key findings and publications
During the preparation of the SIC cohort in 2011, important work on developing methods for mediation and interaction analysis in a survival setting was initiated by Lange et al. 27, 28 and Rod et al. 29 These contemporary methods have been applied in the SIC cohort, thereby taking advantage of the large dataset and sufficient statistical power. A growing interest in mechanisms behind socioeconomic inequalities in health 1,30 led us to quantify the mediating and interacting effects of modifiable health-related risk factors on social gradients in common chronic disease outcomes like sub-types of cancer, cardiovascular diseases and cause-specific mortality. In Figure 3 , selected results from the different studies based on the SIC cohort are presented showing social inequality in cause-specific mortality, incidence of coronary heart disease and breast cancer when comparing low vs high educational level and the proportion mediated through smoking, alcohol, physical activity and body mass index (BMI). One study 31 investigated the mediating role of behavioural risk factors in the educational gradients of breast cancer. The results showed that a substantial number of the excess postmenopausal breast cancer events among women (>50 years of age) with high education compared with low education could be attributed to differences in alcohol intake, use of hormone therapy and reproductive patterns. A study on educational inequality in cancer mortality 32 showed that a considerable part of the mediating role of smoking was due to both differential exposure to smoking (i.e. more smokers among people with low vs high education) and differential vulnerability (i.e. an educationby-smoking interaction). The results indicated that both men and women with low education appeared to be more vulnerable to the effects of smoking than those with high education. In subsequent analyses, less clear patterns of mediated effects were found for other behavioural risk factors including alcohol intake, physical activity and BMI.
In another study, 33 a partial mediating role of smoking and BMI on educational gradients in risk of coronary heart disease was found.
In all the summarized studies, sensitivity analyses were conducted to investigate heterogeneity between study-specific effects by including an interaction term between educational level and cohort study. Also, pooled estimates were compared by systematically removing each individual study 
CCHS, Copenhagen City Heart Study; MONICA (I, II, III), multinational MONItoring of trends and determinants in CArdiovascular disease; DCH, Diet Cancer and Health study; INTER99, randomized non-pharmacological INTERvention study for prevention of ischaemic heart disease; SIC, Social Inequality in Cancer cohort study. one at a time to confirm that no single study strongly influenced the pooled estimates. The results indicated that the pooled estimates can be considered appropriate summaries of the study-specific data, since removing one individual study at a time did not affect the risk estimates.
What are the main strengths and weaknesses?
The SIC cohort consists of prospective data from several well-established cohort studies in which participants were randomly selected from within age groups and defined areas of Copenhagen and Aarhus. Thus, this cohort consortium provides a large study population with a wide age and social distribution and long follow-up time generating sufficient statistical power to investigate mechanisms underlying social inequalities in cancer. The linkage to high-quality data from central and administrative registries gives access to nearly complete follow-up, as well as detailed individual information on socioeconomic position measured yearly and by several indicators. Some methodological challenges evolved from the pooling of these different cohorts. The underlying pooling assumptions about homogeneity across study populations and follow-up periods are unlikely to be completely satisfied. Due to varying onset of baseline (from 1981 to 2001) in the cohorts enrolled in the SIC cohort, there are reasons to assume some systematic variation in the measurements across the different cohorts. For example, the general population, especially women, have been better educated over time. Thus, 11 years of education would be relatively high for the oldest women in CCHS whereas, for the youngest women in INTER99, 11 years might be considered low. To carefully consider this weakness, all studies based on the SIC cohort should at least conduct sensitivity analyses of the heterogeneity between study-specific effects by including an interaction term between educational level and cohort study.
Another weakness is that we have not harmonized the repeated measures of health-related factors. With the long follow-up time, many participants enrolled in the early cohorts (for example in CCHS, baseline year 1981-83) might have quit smoking along the way-especially among those with a high education, as smoking cessation follows a social gradient. 34 To overcome this weakness, we have planned a longitudinal design for the SIC cohort by harmonizing and linking data from the re-examinations of the different cohorts in near future.
Other study-related factors such as the use of different self-administered questionnaires, where phrasing of questions and time periods of responses varied between the different cohorts, might have influenced the potential for synthesis and full characterization of all multiple versions of the health-related risk factors. This might have resulted in some imprecision of the measurements. To face this challenge we have planned to initiate the development of standard methods and procedures for sensitivity analysis of misclassification of intermediate variables in the additive hazards model.
Bias due to initial non-participation is a major potential limitation of any population-based study. In general, previous studies of participation in the cohort studies enrolled in the SIC cohort have shown that rates of participation have declined over time, were slightly higher among women than among men, decreased slightly with increasing age and tended to be higher among people with high educational attainment than among those with low educational attainment. 19, 21, 24 Furthermore, non-participants had a higher mortality than participants. 21, 25 As participants seemed to be healthier than non-participants and lower socioeconomic groups were underrepresented, generalization of results for participants to the whole population should be made with caution. Future implications for research based on the SIC cohort are indicated by the possibility of obtaining register data on descendants, which would enable thorough investigations of family disposition for conditions such as breast cancer and cardiovascular diseases. The retrospective harmonization procedure of already collected data on numerous behavioural and biological factors relating to each participant from different cohorts makes it possible to cover a 30-year period studying the impact of trajectories of these modifiable risk factors. Additionally, it will be possible to link other sub-populations to the SIC cohort. For example, the Copenhagen School Health Record Register 35 with information on approximately 350 000 children from Copenhagen born between 1930 and 1983 could be linked to the SIC cohort and thus make life-course epidemiology possible. Furthermore, the re-examination in five of the seven cohorts included in the SIC cohort opens a unique potential for also establishing a longitudinal design within the cohort.
Can I get hold of the data? Where can I find out more?
The SIC investigators welcome collaboration on specific projects. Further details of the SIC cohort can be obtained by contacting the steering committee at the Department of Public Health, University of Copenhagen, at: inan@ sund.ku.dk.
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